Quinolin-8-yl 2-hydroxybenzoate (QHB) was synthesized and its physical and electronic properties were investigated both experimentally and theoretically. The electronic structure and spectral behavior were determined by using UV-vis absorption and fluorescence spectra in 11 different polarity solvent media. The absorption band observed at 306-308 nm is attributed to π-π* and n-π* electronic transitions due to its geometric structure in the solution phase. Solvatochromism of QHB was investigated by using Kamlet-Taft and Catalan methods based on the linear solvation energy relationships (LSER). The Kamlet-Taft solvatochromic model indicates that spectral shifts of absorption and fluorescence spectra are effectively controlled by dispersion-polarization forces which describe the non-specific interactions. The solvatochromic model of Catalan states that solute-solvent interaction is governed by solvent polarity in the absorption spectra and by solvent acidity in the fluorescence spectra. Non-specific interactions have a greater effect on fluorescence spectra compared to absorption spectra. Computational calculations were performed by the application of the B3LYP/6-311+(d,p) level of theory. Conformational analysis performed for QHB showed five staggered conformers on torsional potential energy surfaces. Accordingly, the most stable conformer was found to be the one involving intra-molecular hydrogen bonding. The geometry of the other conformers indicated that the absence of hydrogen bonding gave rise to relatively higher energy. Frontier molecular orbitals (HOMO, LUMO) and non-linear optical (NLO) parameters were calculated by B3LYP/6-311+(d,p) level of theory. Theoretical UV spectra both in gas and solution phases were also investigated by TDDFT-CAM-B3LYP/6-311+(d,p) level of theory.
INTRODUCTION
The quinoline ring and its derivatives have attracted considerable interest in fundamental research areas due to their strong chemical and biological activities, in addition to their specific properties. Their wide ranges of pharmaceutical applications are because of their cytotoxic, bactericide and fungicide properties [1] [2] [3] [4] [5] . They have also found applications as chelating ligands for the preparation of various photo-and electroluminescent metal complexes [6] [7] , and as highly effective fluorescent chemosensors for metal cations [8] [9] because of their high fluorescent yield, rapid structure and wide energy gaps. Thus, it is very important to reach a detailed understanding of the electronic, photophysical and solvatochromic properties of quinoline derivatives.
Knowledge of the solute-solvent interaction during electronic transitions and electronic structures of molecules provides important information on how electrons behave actively in photo-physical and photo-chemical processes. In addition, solvatochromism gives information about the organic electronic material properties of molecules. It is worth noting that wavelength shifts (bathochromic and hypsochromic effects), depending on the solvent medium of electronic transitions, can be explained by fitting on a quantitative model (polarity, bipolarity function and hydrogen donor and acceptor or different physical parameters) [10, 11] .
Researchers have been interested in acquiring the structural and spectroscopic properties of various molecules using both experimental and computational methods for many years. The theoretical calculations using density functional theory (DFT) have been employed to study molecular properties such as structural, molecular orbital, spectroscopic and photo-physical properties [12] [13] [14] [15] . The geometric and spectroscopic investigations, such as frequency, UV-vis and NMR data provide valuable information regarding the structure and conformation of molecules [16] . Polarizability and first order hyper-polarizability provide information about nonlinear optical (NLO) properties of a material [17] . Charge distribution analysis, absorption-emission characteristics and thermal properties, along with the molecular electrostatic potential surface analysis, give a clear understanding of the structural, reactivity and spectral characteristics of the molecule under study [18] . The dipole moment characteristic of a molecule is quite beneficial in designing NLO compounds [19] , and studying reaction mechanisms [20] and electronic distribution within the molecule [21] . Quantitative measurement of solute-solvent interactions of molecules is also a popular area of research [22, 23] .
The main objective of this study is to clarify the solute-solvent interaction types and determine the contribution of each solvent parameter on the absorption and fluorescence wavelength shifts. By the solvatochromic shift methods, it is possible to understand the specific and non-specific interactions between solute and solvent. Inter-and intramolecular active interaction centers of QHB make it interesting for solute-solvent interactions. Emerging non-linear optical and electronic properties are also important for the application of QHB in many technological fields.
In this work, the synthesis of new quinolin-8-yl 2-hydroxybenzoate (QHB) has been described. Moreover, absorption and fluorescence spectral properties, electronic transitions and solvatochromism of the title compound have been investigated experimentally in detail. The conformational stability, non-linear optical parameters and electronic structure along with the frontier molecular orbitals have been analyzed theoretically.
EXPERIMENTAL SECTION

General
All of the solvents, as spectroscopic grade, are commercially available from Sigma-Aldrich. The solvent impurity control was performed in steady-state fluorescence apparatus.
1 H NMR and 13 C NMR spectra were recorded in CDCl3 on a Bruker Spectrospin Avance DPX-400 spectrometer. 1 H (400 MHz) and 13 C NMR were recorded in CDCl3 and the chemical shifts are expressed in ppm relative to CDCl3 (δ 7.26 and 77.0 for 1 H and 13 C NMR, respectively) as the internal standard. LC-MS/MS measurements were performed on the Thermo Scientific Q-Exactive instrument. Melting points were measured by the Stuart SMP3 instrument. Ultraviolet-visible (UV-vis) absorption spectra were recorded on a Perkin-Elmer Lambda-35 UV-vis Spectrophotometer over a wavelength range of 200-800 nm. Steady-state fluorescence spectra were recorded on a Perkin-Elmer LS-55 Model Fluorescence Spectrophotometer by choosing 310 nm excitation wavelength. The excitation source was a long life Xenon flash lamp. All measurements were performed using a 1 cm × 1 cm quartz cell at room temperature. The solution was prepared as 11.2 mM. The absorption and fluorescence spectral band maxima were determined by Gaussian curve fit analysis using the OriginPro 8.0 program. Flash column chromatography was performed by using thick-walled glass columns and silica gel (60-mesh; Merck). The reactions were monitored by thin-layer chromatography (TLC) using Merck 0.2-mm silica gel 60 F254 analytical aluminum plates, and visualized by UV light. All extracts were dried over anhydrous magnesium sulphate and solutions were concentrated under reduced pressure by using a rotary evaporator.
Kamlet-Taft parameters (dielectric constant ε, refractive indices n, H-bonding donor capacity α, H-bonding acceptor capacity β) and Catalan parameters (solvent polarity SP, solvent dipolarity SdP, acidity of solvent SA, basicity of solvent SB) are taken from the literature [24] [25] [26] [27] [28] [29] [30] .
Synthesis of quinolin-8-yl 2-hydroxybenzoate
To a solution of salicylic acid (2.1 g, 15 mmol) in 10 ml SOCl2, 2 drops of DMF were added. The solution was refluxed at 70°C for 24 h. Then, the excess SOCl2 was evaporated and salicylic acid chloride was obtained. In a separate flask, 8-hydroxyquinoline (1.45 g, 10 mmol) was dissolved in 20 ml benzene and cooled to 0 °C. Then, 1 ml of Et3N was added to the reaction mixture. After 30 min. stirring, salicylic acid chloride was added to the mixture slowly and refluxed for 5 h. The solvent was evaporated and the crude product was purified by flash column chromatography using ethyl acetate/hexane (1:4) as the eluent [31] . 
Linear solvation energy relationship (LSER) method
Regression analysis is the process of statistical equations of relations between a dependent variable and an independent variable (simple regression) or multiple independent (multiple regression) variables. In regression analysis, the relationship between variables is called linear regression. Multiple regression equation for a system with multiple variables in regression analysis is given as below (Eq. 1). Y= B0+B1X1+B2X2+…..BNXi…..
In here, B0, B1, B2, BN are coefficients, and Y is the dependent variable, X1, X2, ..., Xi are independent variables [32] . An application field of regression analysis used in mathematical and statistical fields is molecular science. The method called LSER was obtained by using the multiple linear regression equation. The effects of the solvent polarity on the spectral properties of the solute are investigated by the Kamlet-Taft and Catalan parameters, which are the Linear Solubility Energy Relations (LSER) methods [25, 27-28, 30, 33] . The changes in the electronic structure of molecules under UV light are examined using multiple linear regression analysis (LSER), which is generated by different parameters of the solvents. The LSER model obtained by using the parameters of Kamlet-Taft solvatochromism was used in these studies. The multiple parameter equation used as the solvatochromic parameter is as follows (Eq. 2) [25, [27] [28] . νmax = ν0+C1f(n)+C2f(ε)+ C3β+ C4α (2) Here, the maximum absorbance (νmax) was investigated by dependence on H-bond acceptor capability (β), H-bond donor capability (α), polarizability f(n) = (n 2 -1)/(n 2 +2) described by refraction index functions and the polarity f(ε) described by dielectric function f(ε) = (ε-1) / (ε+2), respectively [25, 30] .
Another LSER method used to study the electronic structure of molecules was derived by using Catalan parameters and is given as follows (Eq. 3): νmax = ν0+C5SP+C6SdP+C7SA+C8SB (3) Here, the maximum absorbance (νmax) is dependent on the solvent polarity SP, solvent polarizability SdP, solvent acidity SA, and solvent basicity SB [30, 34] . In LSER calculations, SPSS Statistics Version 20 was used.
Computational method
The three-dimensional ground state (S0) geometries of all compounds were optimized in the gas phase without any symmetry restrictions by using DFT [35] implemented hybrid functional B3LYP with the Gaussian 09W [36] package program. B3LYP is composed of Becke's three parameter exchange functional (B3) [37] and the non-local correlation functional by Lee, Yang and Parr (LYP) [38] . The basis set used for all atoms was 6-311+G(d,p) in both density functional theory (DFT) and time-dependent density functional theory (TD-DFT).
After geometry optimization calculations in the gas phase, the stabilities of all of the structures in various solvents have also been investigated. This is practically important since it is well known that these kinds of molecules should exist in the body fluid of humans or animals, meaning that how to describe the interaction between the solute and the surrounding solvent molecules and the corresponding effect on the stability is significant. Traditionally, the self-consistent reaction field (SCRF) model is normally used to describe the effect of medium on chemical reactions. In this model, the microscopic information of molecular interaction between biomolecules and its surrounding molecules were neglected. Instead, the small water clusters were used to model solvent effects on some properties of the solute, such as tautomeric stabilities. Solvent effects were explored by using the SCRF method, and the polarizable continuum model (PCM) method was employed [39] .
For each compound, vibrational analysis was carried out using the same basis set employed in the corresponding geometry optimizations. The frequency analysis of none of the compounds yielded any imaginary frequencies, indicating that the structure of each molecule corresponds to at least a local minimum on the potential energy surface. The normal mode analysis was performed for 3N-6 vibrational degrees of freedom, with N being the number of atoms in the molecule.
The vertical excitation energies and oscillator strengths were obtained for the lowest triplet and singlet transitions at the optimized ground state equilibrium geometries by using TD-DFT with CAM-B3LYP/6-311+G(d,p) level of theory [40] . These computations have been performed using the PCM method in various solvents. Optimized ground state structures were utilized to obtain the electronic absorption spectra, including maximum absorption wavelengths, oscillator strengths, and main configuration assignment by using TD-DFT.
RESULTS AND DISCUSSION
Synthesis of QHB
Acid chlorides are valuable precursors for the synthesis of various ester moieties. Salicylic acid chloride was synthesized from salicylic acid by using SOCl2 and drops of DMF. The hydroxy unit on the quinoline skeleton was reacted with this salicylic acid chloride in alkaline medium to construct quinolin-8-yl 2-hydroxybenzoate (Scheme 1) [31] . 
Conformational stability and molecular geometry
The ground state geometry of the compound represents a minimum point at the potential energy surface. When it is difficult to determine the correct global minimum, performing a conformational analysis is necessary. In the present case, the conformational analysis of the compound has been employed around the bond connecting the carbonyl and benzene in order to observe the effect of intramolecular hydrogen bonding on the stability of the whole system. The B3LYP/6-311+G(d,p) level of theory was performed in the gas phase in order to scan the dihedral angle to obtain energies of the conformers. During the scan process, the geometry of the whole system was relaxed, meaning that none of the bonds or angles were frozen. In Figure  1 , the energy profile of the conformational analysis is given. The most stable conformer on the 2D potential energy surface was obtained when hydroxyl hydrogen interacts with the carbonyl to form a hydrogen bond. Moreover, at this conformation, benzoate function is twisted 73º from planarity to the quinoline moiety (Fig. 1a) .
As expected, hydrogen bonding interactions cannot be observed in the highest energy conformation (Figure 1b) . The stability of the system increased upon hydrogen bonding interactions between the hydrogen of the hydroxyl group and the benzoate oxygen through 1.88 Ǻ distance (Fig. 1c) . At this point, the benzoate moiety is totally perpendicular to the quinoline plane. A two sided hydrogen bonding; i) hydrogen of the hydroxyl group and the benzoate oxygen through 1.91 Ǻ distance and ii) interaction with the quinoline nitrogen with a distance of 2.15 Ǻ, gave rise to the second most stable conformation (Fig. 1d) . Interestingly, at the closest distance (1.88 Ǻ) between quinoline nitrogen and the hydrogen of the hydroxyl group, the energy of the system increased to a second maximum point (Fig. 1e) , which may be attributed to the loss of conjugation of the carbonyl with phenoxy moiety. 
Solvent effect on the absorption and fluorescence spectra
The UV-vis absorption and steady state fluorescence spectra of quinolin-8-yl 2-hydroxybenzoate (QHB) in various solvents with different polarities are given in Figure 2 . Absorption and fluorescence maximum wavelengths are presented in Table 1 . As can be seen from absorption spectra, QHB exhibits three sharp and narrow bands with fine structured characteristics. These bands are centered at 301-304 nm, 306-308 nm and 313-315 nm, respectively. The fine structure observed in the UV-vis spectra is a result of inter-molecular interaction formed between the solvent and oxygen and nitrogen atoms of quinoline. DFT-B3LYP/6-311+G(d, p) optimized geometrical structure indicates that the -O-----H distance is 1.88 Å for the stable conformer of QHB and 1.91 Å for the high energy structure. By the same method, the -H-----N distance is calculated to be 2.15 Å. In such a system the -O-----H interaction distance is expected to be ~1.70 Å. Elongation of ~0.18 Å is confirmation of the competition between -O-H and C=O (see Fig. 3 ). It is worth noting that fine structures are not observed in the polar protic solvents, methanol (α = 0.93, β = 0.62) and ethylene glycol (α = 0.90, β = 0.52) which form specific interactions with QHB (see Fig. 4 ). This demonstrates that the fine structure in the UV-vis spectra is the result of electronic transitions occurring between special states. Interestingly, UV-vis spectrum of QHB in polar protic 1-butanol shows a fine structure that can be attributed to the solvent properties, such as the fact that 1-butanol has relatively long alkyl chain and pushes electrons towards the media. Nonetheless, the hydrogen bond donor (α = 0.79) and acceptor (β = 0.88) capacity of 1-butanol is close to each other. In QHB molecules, both π-π* and n-π* electronic transitions are possible due to π electrons located in aromatic rings and lone-pair electrons on oxygen and nitrogen atoms. There are seven lonepair electrons which are responsible for n-π* transitions. The first absorption band can be attributed to the π-π* transition resulting from the π electron delocalization in the aromatic rings. The second absorption band is observed because of the rearrangement of π electrons over the entire molecular system. Additionally, intra-molecular -O-H-----O hydrogen bonding interactions leading to n electrons are included in the electron delocalization process over the whole molecular system. Electron delocalization channels depending on the enol-keto tautomerism are shown in Figure 5 . Therefore, it can be said that this band corresponds to a mixture of π-π* and n-π* electronic transitions. However, this can be considered to be global electronic transitions of QHB. The longest wavelength absorption band is described as having an n-π* character existing from the interaction between lone-pair electrons of QHB and solvent media.
Differences between maximum wavelengths recorded according to solvents are found to be very small: 2-3 nm for each of the absorption bands.
This indicates that absorption bands are not sensitive to solvent. The fluorescence spectra of QHB generally show two bands, except for methanol and ethylene glycol solvents. In these two solvents, QHB exhibits three bands, probably due to the formation of strong inter-molecular H-bonding between QHB and alcoholic solvents. The second band (λPL-2), centered in the range of 399-461 nm (see Table 1 ), arose from the electron conjugation by the induction of electrons over the molecule under excitation. This band can be attributed to π*-π electronic transitions. The third band (λPL-3) observed at 472-481 nm is expected to appear because of interactions between the active center of QHB and solvents by the way of lone pairs located on oxygen and nitrogen atoms (see Figure 3) . Intra-molecular O-H-----O interactions give rise to a ring and consequently a new charge transfer channel. This case leads to the fluorescence band splitting to be two bands and thus, the third band arises. According to these findings, the third band can be described as π*-n electronic transitions.
The second fluorescence band shows a hypsochromic shift according to the increase in solvent dielectric constant. From benzene to acetonitrile, QHB shows a 62 nm blue shift. However, the third band does not change regularly depending on the change in solvent dielectric constant. 
T a b l e 1
Wavelengths of absorption and fluorescence spectra of QHB molecule
Multiple linear regression analysis
The derived LSER models by using the maximum wavenumbers (νmax) for both KamletTaft and Catalan solvatochromism with both absorbance and fluorescence electronic transitions of the QHB molecule are given below. Table 2 . In the following equations; R is the correlation parameter, R 2 is the square of the linear correlation, F is the Fischer standard parameter, and P is the signum coefficient. If R and R 2 are greater than 0.7, F must be greater, but if P is very close to zero, we can say that, the LSER model is correct.
Model of Kamlet-Taft solvatochromism derived by using 11 solvents for absorption maximum wavenumbers is given in Eq. 4. Thus, we can say that LSER model derived from the KamletTaft parameters is appropriate according to the statistical parameters. The Catalan solvatochromic model is also derived by using 11 solvents (Eq. 5). The statistical parameters calculated for this model are in applicable values. According to Equation 4 , electronic transitions in absorption spectra display a bathochromic effect by dispersion-polarization effects through a C1 sign that is negative (-).
On the contrary, the C2 sign is (+), thus electron transitions of QHB molecule exposure a hypsochromic shift with the effect of orientationinduction. However, hydrogen bond acceptor and donor effects of solvents in electronic absorption spectra are relatively small. The effect of dispersion-polarization interactions on the electronic absorption spectra of the QHB molecule is greater than the dipole-orientation interaction, because absolute C1 is bigger than absolute C2. The contributions on specific and non-specific interactions to Kamlet-Taft solvatochromism for UV spectra are calculated as 83% for refractive index function (dispersion-polarization interaction), 12% for the dielectric function (induction-orientation interac-tion), 3% for the H-bond acceptor capacity and 2% for the H-bond donor capacity.
The sign of C6 coefficient in the Catalan solvatochromism (Eq. 5) is observed to be negative (-); thus, there exists a bathochromic shift in the absorption band maximum. In contrast, when the C7 sign is positive (+), increasing in solvent polarity shows a hypsochromic effect in this band maximum. According to Eq. (5), solvent polarizability has a relatively higher effect on the electronic absorption bands than solvent polarity because C6 is bigger than C7. The case |C8 | > |C9| indicates that solvent acidity is more effective than solvent basicity. In addition, the rate of effect of SP, SdP, SA and SB has been calculated as 65%, 24%, 10% and 1%, respectively, from Eq. (5).
Eqs. 6 and 7 show LSER models derived for the maximum fluorescence wavenumbers by using 10 solvents. Acetonitrile has not been included in these equations because it deviated from the linearity. Thus, statistical parameters obtained for these solvatochromic models are derived in acceptable values. The fluorescence wavenumbers in the gas phase of QHB molecule are calculated as 21086.55 cm -1 and 21635.34 cm -1 in Eqs. 6 and 7. Since the C1 and C2 coefficients in Eq. 6 are positive, it can be said that the QHB molecule exposes a bathochromic shift with the effect of dispersionpolarization and orientation-induction forces. The relation of |C1| > |C2| points out that dispersionpolarization interactions (refractive index function) are observed to be more dominant than orientationinduction interactions (dielectric function) on the fluorescence spectral band shifts. Specific interactions (α and β) effect on the electronic emission spectra is greater than the orientation-induction effect (Eq. 6). According to Eq. 6, |C3| > |C4| indicates that the solvent intends to interact with the molecule by the way of H-bonding acceptor. There is a bathochromic effect since the sign of the C3 and C4 coefficients are (+). The contribution of each of the solvent parameter in Kamlet Taft solvatochromism for fluorescence spectra is determined to be 52% for the diffraction function (dispersionpolarization interaction), 12% for the dielectric function (induction-orientation interaction), 22% for the H bond acceptor capacity and 14% for the H bond donor capacity.
As seen from Eq. 7, the solvent polarizability effect on the fluorescence spectra of the QHB molecule is much greater than the effect of the solvent dipolarity. Since the coefficients of both parameters are positive, there is a bathochromic shift in molecules. The effect of solvent acidity is bigger than that of solvent basicity. These solvent parameters also support the bathochromic effect. The impact factors of each solvent parameter on fluorescence spectral shifts determined from the Catalan solvatochromism are 9%, 1%, 68% and 22% for solvent polarizability (SP), solvent dipolarity (SdP), solvent acidity (SA) and solvent basicity (SB), respectively.
T a b l e 2
The absorbance wavenumbers, fluorescence wavenumbers, Kamlet- 
Non-linear optical properties
Non-linear optical (NLO) effects emerge from the interactions of electromagnetic fields in various media to generate new fields changed in phase, frequency, amplitude or other diffusion characteristics from the incident fields [41] . NLO materials have been widely investigated by researchers recently due to their importance in applicability as the key functions of frequency shifting, optical logic, optical switching, optical modulation and optical memory for the upcoming technologies in areas of telecommunications, signaling and optical interconnections [42] [43] [44] [45] .
A Taylor series expansion of the total dipole moment, μtot, (Eq. 8) induced by the field represents the NLO response of an isolated molecule in an electric field Ei(ω):
where α, μ0 and βijk are linear polarizability, the permanent dipole moment and the first hyperpolarizability tensor, respectively. The isotropic (or average) linear polarizability can be calculated by Eq. (9) [46] :
The first hyperpolarizability is a third degree tensor that is represented by 3 × 3 × 3 matrix. The 27 elements of the 3D matrix can be reduced to 10 components due to the Kleinman symmetry [46] such that βxyy = βyxy = βyyx = βyyz = βyzy = βzyy; ...). The output file of a computation in Gaussian 09 provides 10 values of this matrix as βxxx, βxxy, βxyy, βyyy, βxxz, βxyz, βyyz, βxzz, βyzz, and βzzz, respectively. The components of the first hyperpolarizability can be calculated using the following equation (Eq. 10) [47] :
The magnitude of βtot from Gaussian program output can be calculated by Eq. 11. 
The calculations of the total molecular dipole moment (μtot), linear polarizability (αtot) and hyperpolarizability (βtot) from the Gaussian output were explained in a previous work [48] , and DFT has been widely used as an effective method to compute the properties of NLO materials [49] . The electronic dipole moment μtot, polarizability αtot and the hyperpolarizability βtot data of all compounds were calculated at the B3LYP/6-311+G(d,p) level of theory using the Gaussian 09 package; results are given in Table 3 .
T a b l e 3
The B3LYP /6-311+G(d,p) The dipole moments of 8-hydroxyl quinoline and QHB have been calculated to be 2.8 and 3.5 Debye, respectively. Hydroxy benzoate attached to the parent quinoline results in an increase in charge separation; thus, observation of a greater dipole moment is not surprising. Dipole moment vectors calculated for both 8-hydroxyl quinoline and QHB in the ground state are depicted in Figure 6 . The 3D-MEP surface counter maps were obtained for B3LYP/6-311+G(d,p) optimized geometries to predict reactive sites for electrophilic and nucleophilic processes for the compounds and dipole moment observations. The electrostatic potential surface of QHB is shown in Figure 7 . Electrophilic reactivity regions (negative charge) are shown by red and yellow colors, while blue is an indicator of nucleophilic reactivity [50] . For the title compound, the negative charge is mostly localized on the electron withdrawing hydroxyl benzoate region, as expected. The charge separation is very well observed for QHB, which may be the reason for the high magnitude dipole moment (Fig. 7) . The average polarizability (αtot) data, together with its components are listed in Table 3 [51] , which is one of the typical compounds used in research into the NLO properties of molecular systems. Therefore, it was used frequently as a threshold value for comparative studies [51] . The obtained results show that the title compound is a good candidate for NLO materials. Hyperpolarizability data for hydroxyquinoline itself was computed to be 3.5; thus, an increase in the conjugation path upon substitution of the benzoate link and other groups resulted in an increase in first hyperpolarizability. Comparison of interfrontier energy gap data with the hyperpolarizability values is a good indicator of nonlinear properties. ∆E for urea was calculated to be 8.2 eV at the same level of the DFT method, whereas the ∆E values for the present system are 4.42 eV.
The Highest Occupied Molecular Orbital (HOMO) implies the outermost filled orbital and behaves as an electron donor; on the other hand, Lowest Unoccupied Molecular Orbital (LUMO) can be considered as the unfilled orbital with the lowest energy and behaves as an electron acceptor. HOMO and LUMO are also called the frontier molecule orbitals (FMOs). The energy gap between FMOs gives information about the chemical stability of a molecule and is an important parameter in terms of electronic transport properties. In Figure 7 , FMO energies (in eV) and threedimensional HOMO and LUMO energy schemes for QHB are given. HOMO and LUMO are located on the hydroxy benzoate and quinoline parts of the structure, respectively. The computed HOMO and LUMO energies for QHB are -6.44 eV and -2.02 eV. The energy gap (ΔE=ELUMO-EHOMO) is found to be 4.42 eV.
TDDFT calculations
The vertical excitation energies and oscillator strengths were obtained for the 100 lowest singlet transitions at the optimized ground state equilibrium geometries by using TDDFT with the CAM-B3LYP/6-311+G(d,p) level of theory [40] . Optimized ground state structures were utilized to obtain the electronic absorption spectra, including maximum absorption wavelengths, oscillator strengths, and main configuration assignments by using TDDFT. Although there are some exceptions, information in the literature suggests that analysis of the excitation energies with CAM-B3LYP functionally predicts the best agreement with the experimental data [52] .
The theoretically calculated absorption spectra of QHB in the gas phase and various solvents are given in Figure 8 . Three strong bands of absorption are observed for QHB at 145, 206 and 275 nm. The absorption characteristics did not show strong dependence on solvent type. However, differences in the emission spectra are expected. It is clear that the solvent gives rise to a red shift in UV spectra compared to that in the gas phase due to the specific and non-specific solute and solvent interactions. In these interactions, the electronic transitions occur between special states.
The results of the TDDFT/CAM-B3LYP/6-311+G(d,p) calculations for QHB are given in Table 4. Transition coefficients, absorption wavelengths, oscillator strengths, excitation energies and orbitals involved in transitions are tabulated in the gas phase, in methanol and in benzene. The three absorption maxima in the gas phase are 272.58, 221.59, and 210.40 nm. In methanol and benzene, absorption bands are located at 279.77, 280.94, 228.63, 228.81, 213.70 and 216.47 nm, respectively. In conclusion, although absorption wavelengths are almost independent of the solvent type and polarity, a red shift from the gas phase calculations exists due to the involvement of solute-solvent interactions in IEFPCM computations. 
CONCLUSIONS
A novel quinolin-hydroxybenzoate derivative was synthesized with a very high yield and its various physical, chemical and electronic properties were investigated, both experimentally and theoretically. It is observed that the global electronic transitions consist of mix of π-π* and n-π* electronic transitions. The Kamlet-Taft solvatochromic model indicates that dispersionpolarization forces effectively control the spectral shifts of absorption and fluorescence spectra. The solvatochromic model of Catalan designates that solute-solvent interaction is governed by solvent polarity in absorption spectra and by solvent acidity in fluorescence spectra. Non-specific interaction parameters show a bathochromic effect for the absorption spectral bands. The similar behavior is observed for fluorescence band. Thus, the QHB molecule is found to be more stable in the ground state than in the excited state. The results of the computational calculations showed that the most stable conformer of the title compound, QHB, involves intra-molecular hydrogen bonding. The possible formation of intra-molecular hydrogen bonding on different sites of the structure leads to other minima. However, conformation with the absence of hydrogen bonding is found to possess the highest energy. The potential of use QHB as a non-linear optical material has been suggested by NLO calculations. Both experimental and calculated vertical excitation data of QHB indicate three main absorption bands for the title compound.
